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Question 1. 
A. The Scott test is commonly used as a presumptive colour test for cocaine. 
i. Explain how this test is carried out, include reagents and all aspects of the procedure 
in your answer. 
ii. What would you expect to observe if cocaine was present? 


ili. What advantage does the Scott test have over the simpler cobalt thiocyanate test? 


B. Drugs are often cut with cheaper, easier to acquire substances to increase profits. 
i. Explain the difference between adulterants and diluents. 
ii. Lidocaine and caffeine are often used as cutting agents for cocaine, what properties of 


each compound make them common choices for cutting cocaine? 


(12) 


Question 2. 
Heroin is an opiate alkaloid drug derived from morphine that is commonly encountered as either the 


hydrochloride salt form or as the freebase. The structure of Morphine is provided below. 


A. Classify Heroin by origin, and name one common form it is received in as evidence. 


B. Which functional group(s) in Morphine control its solubility in aqueous solutions at different 
pH? Explain how. 


C. Explain and rationalize each step in the process described below by which Heroin.HCl is 
obtained from the opium poppy, papaver somniferum. 


OH 
¢ Crush plant material, extract with HOT water a SS 
¢ Filter — discard solid N Nl 
e¢ Add Ca(OH), ZA 
¢ Filter — discard solid ‘ 
e Add weak acid, NH4Cl 
¢ Filter — collect solid 
¢ Dissolve solid in acetic anhydride and heat 
¢ Dissolve residue in acetone, bubble HCI gas through 
¢ Filter — collect solid a 


D. Drug samples received in laboratories for testing are not pure, they generally contain diluents, 


adulterants, and impurities. 


i. ‘Co-extracted’ compounds are often found in samples of drugs that are extracted from 
plant material.Why is this? 


ii. Is it more likely that an analyst will identify co-extracted compounds or diluents in 
their analysis? Explain your answer. 


(12) 
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Question 3. 
The movement of a drug through the body is typically divided into four stages known as ADME. 
A. What are these four stages? 
B. An ADME curve can be used to represent plasma concentration vs time. Sketch the curve you 
would expect to see for each of the following ingestion methods. Explain the variation. 
i. Typical oral ingestion 
ii. Intravenous injection 
C. Explain how methamphetamine is able cross lipid membranes in the GI tract and enter the 
bloodstream when ingested orally despite the fact that its pK, (above 9) means it will 


predominantly exist in its ionized form. 


(8 marks) 


Question 4. 
A 66 kg girl is admitted to hospital having ingested 2.63 g of GHB. Given the data below 
answer the following questions: 
i. What was the Peak plasma concentration (in mg L")? 
ii. Calculate the elimination rate constant. 
iii. Calculate the length of time between the blood test and ingestion of the drug (in 


minutes). 


Show your working 

Volume of Distribution = 0.58 L kg’! 
Bioavailability = 65% 

ti = 30 mins 

Cp is reached 20 minutes after ingestion 


Plasma Concentration at time of blood test = 7.9 mg L"' 


ape 0.693 
Va Cp x Kg tio ae al InC, =InC, - Kt 


(5 marks) 
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Question 5. 


A. Calculate the oxygen balance of TNT (C7H5N30,). 

B. How would you formulate an explosive consisting of picric acid and ammonium nitrate to 
achieve an oxygen balance of zero? 

C. Explain how competitive immunoassays can be used to detect and quantify explosives. 


Include a diagram in your answer. 


Show your working 
Oxygen balances: Picric acid = -45 %; ammonium nitrate = 20 %. 


(10 marks) 


Question 6. 
The investigator at the scene of a suspected arson case sends a bag of evidence to the forensic lab via 
taxi. The bag contains three plastic Coles carrier bags knotted securely at the neck. One contains 2 
carpet samples labeled control and sample 1. The second contains the property owner’s shirt and the 
third contains an empty turps bottle found in his possession. 
A. List the errors that have been made in the handling of this evidence and discuss why these are 
a problem. 


B. How should the evidence have been handled? 


(5 marks) 


Question 7. 
A propane cylinder is stored in a basement room of size 1.8 x 3.4 x 3.6 m. A leak begins and 


propane is released into the room at rate of 130 g per hour. 


If the pressure in the room is | atmosphere and the temperature is 25 °C, will the fuel:air mixture be 


rich or lean after 2 hours? 


DATA 
R= 0.0821 L atm mol! K"! 
Average molar mass of air = 28.85 g mol’! 


(8 marks) 
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Question 8. 
As part of an investigation into the forgery of a 5-page, hand-written will, TLC and MALDI-MS 
were used to compare ink extracted from the document (sample, S;) with ink extracted from pens 
found in the offices of three suspects: P, (Uniball PowerTank), P2 (Staedtler Stick 430) and P3 (BIC 
Cristal Medium). 


5c 


Solvent front —> 


2cm 3cm 4cm 


iom 


Loading point —> 


A. With reference to Ry, indicate if tentative identification of the ink is possible from the TLC. 


B. In the TLC above, Rr of each component in the sample will depend highly on the 
experimental parameters. Describe how the following factors affect Re. 
i. Mobile phase 
ii. “Dryness” of the loaded sample 


C. After initial TLC analysis, MALDI-MS was used to definitively identify individual 
components in each TLC spot. With reference to the mass spectrum A below (next page), is 
this spot more likely to be methyl violet 10B (C2s5H30N3) or ethyl violet (C3:H42N3)? Justify 


your answer. 


D. When the will was discovered, the first page showed significant fading where it has been left 
in the sun. MALDI-MS was used to compare ink extracted from the last, unfaded page (A) 
with the first, faded page (B). Explain why the ink left in the sun has significantly more peaks 


in its mass spectrum. 


Question 8 is continued on next page 
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unfaded ink sample faded ink sample 


from J Am Soc Mass Spectrom 2006, 17, 297-306 


(20 marks) 


Question 9. 

When identifying fingerprints on a porous surface, what are the advantages of treating the surface 
with zinc or cadmium salt before analysis with Ninhydrin? When compared with ninhydrin, identify 
the major advantage and the major disadvantage of using diazafluorenone for fingerprint analysis. 


(10 marks) 


Question 10. 
A wide range of fibre, glass, and paint samples were collected from a crime scene. Your task is to 
determine the chemical composition of a small glass fragment using either AAS or p-XRF. After 
your analysis, a colleague will carry out polar microscopy and chromaticity measurements. 

A. Describe the measurement principles behind AAS and u-XRF. 

B. Which method would you choose for your analysis (i.e. AAS or u-XRF)? Justify your 


answer. 


(10 marks) 
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THE PERIODIC TABLE 


18/ViN 


7 8 9 10 Vi 


5 6 12 

23 | 24 26 | 27 | 28 [ 29 | 30 

VOCE Fe |} Co] Ni | Cu] 2n 

50.94 | 52.00 55.85 | 58.93 | 58.69 | 63.55 | 65.39 

39 | 40 42 | 43 | 44 | 45 | 46 | 47 | 48 
BEN SY uipeee Mo } Tc | Ru | Rh | Pd j Ag | Cd 

87.62 | 88.91 | 91.22 95.94 | 98.91 | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 ; 
ee 73 1 4 | 75. 1 76 | 37 | wa | 78 | 80 
Ta | W | Re} Os | fr | Pt | Au { Hg 

‘ 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 
a7 f 88 Tag. | 104 | 108 | 106 [107 [108 | 109 

7) Fr | Ra Lr | Ynq|Unp | Unh | Uns | Uno | Une |... 

223.0 | 226.0 


Period 


§7 | 58 | 59 [ 60 |] 61 | 62 | 63 | 64 | 6 | 66 | 67 | 68 | 69 | 70 | 71 
Lanthanides | La } Ce ; Pr | Nd} Pm/}Sm) Eu } Gd |] Tb |] Dy | Ho} Er | Tm} Yb! Lu 


138.9 | 140.1 | 140.9 | 146.2 | 144.9 | 150.4 | 152.0 | 157.2 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0 


eg | 90 | 917 | 92 | 93 | 94 | 95 | 96 | 97 | 98 100 | 101 | 102 | 103 
Actinides Ac | Th | Pa | U | Np [ Pu {Am/|Cmi Bk | Cf Fm | Md;Noj} Lr 
227.0 | 232.0 | 231.0 | 238.0 | 237.0 | 239.1 | 241.1 | 244.1 | 249.1 | 252.1 257.1 | 258.1 | 259.1 | 262.1 
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Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 


result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 


